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A b s t r a c t
This study was undertaken to evaluate the influence of 
single foliar flurprimidol treatment on morphology and transpi-
ration of ‘Roman’ and ‘Freedom Red’ poinsettias. The growth 
retardant flurprimidol (Topflor 015 SL) was applied once as a fo-
liar spray at concentrations of 5, 10 or 15 mg × dm-3 when lateral 
shoots were about 5 cm in length. Single foliar flurprimidol treat-
ment was sufficient to inhibit stem elongation of both poinsettia 
cultivars. The degree of growth inhibition depended on cultivar 
and growth retardant concentration. As compared to the control, 
the shoots of flurprimidol treated ‘Roman’ and ‘Freedom Red’ 
plants were up to 44% and 37% shorter, respectively. The desir-
able plant heights for ‘Roman’ and ‘Freedom Red’ poinsettias 
were obtained with flurprimidol at concentrations of 5 and 10 mg 
× dm-3, respectively. The shoots of flurprimidol sprayed poinset-
tia were also more rigid and aligned relative to each other and 
thus the bracts on the plant were placed on the same level. The 
diameters of growth retardant treated poinsettias were up to 13% 
narrower. The leaf areas, petiole lengths, fresh and dry weights of 
‘Roman’ and ‘Freedom Red’ poinsettias treated with flurprimidol 
were substantially smaller as compared to the control. The bract 
diameters of both poinsettia cultivars were only slightly affected 
by growth retardant application. Plants exposed to flurprimidol 
had also intensified green leaf pigmentation. There was almost 
no abscission of the oldest leaves in the low portions of growth 
retardant treated plants, compared to those of the control ones. 
Flurprimidol had no effect on transpiration rate per unit leaf area 
and stomatal conductance in both poinsettia cultivars. No phy-
totoxicity was observed in flurprimidol treated plants. Chemical 
name used: Į-(1-methylethyl)-Į-[4-(trifluromethoxy)phenyl]-
5-pyrimidinemethanol (flurprimidol).
Key words: poinsettia; growth inhibition; flurprimidol; stomatal 
conductance; transpiration 
INTRODUCTION
The poinsettia (Euphorbia pulcherrima Willd. 
ex Klotzsch), a member of the large and diverse fam-
ily Euphorbiaceae, originated in southern Mexico and 
northern Guatemala. Nowadays, it is a very popular 
and economically highly significant potted plant in 
Europe, Asia, Australia, and North America. Poinset-
tias generally grow too tall in a greenhouse without 
some method of height control. There are numerous 
environmental, cultural and genetic methods available 
to obtain short and well compact poinsettia. The final 
height can be controlled genetically by selecting culti-
vars that have short internodes. Plant morphology can 
be controlled environmentally by the difference (DIF) 
between day temperature (DT) and night temperature 
(NT). Poinsettia stem elongation is inhibited by higher 
night temperatures than day temperatures – negative 
DIF (-DIF = DT < NT) [1]. However, the most com-
mon cultural method of controlling poinsettia height 
is the application of growth retardants [2–4]. The use 
of these compounds is the fastest and cheapest way to 
impact the size and aesthetic quality of finished plants. 
The effect of growth retardant treatment depends on 
many factors, but the most important is the chemical 
dose which may vary by cultivar and location. For ex-
ample, relatively small concentrations of daminozide 
(1250 mg × dm-3) and chlormequat chloride (750 mg × 
dm-3) were used to inhibit stem elongation of ‘Freedom 
Salmon’ and ‘Classic Red’ poinsettias [5], in contrast 
to ‘Freedom Red’, ‘Success Red’, and ‘Winter Rose 
Dark Red’ poinsettias which required much higher 
concentrations of daminozide (4500 mg × dm-3) and 
chlormequat chloride (1500 mg × dm-3) to inhibit the 
height [2]. These results, obtained in the United States 
of America, indicate that the response of ‘Freedom’ 
poinsettia to growth retardant foliar sprays also varied 
by location. Optimal rates were substantially lower for 
Indiana [5] than for South Carolina [2]. There are sev-
eral growth retardants which were used to inhibit the 
elongation of poinsettia shoots, e.g. paclobutrazol [3,4],
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uniconazole [6], daminozide, and chlormequat chlo-
ride [7], but to date only one literature source re-
ported on the impact of foliar flurprimidol treatment 
on poinsettia height. Flurprimidol, applied as a foliar 
spray, has been reported to suppress stem elongation 
of ‘Eckespoint C-1 Red’, ‘Annette Hegg Dark Red’ 
and ‘Gutbier V-14 Glory’ poinsettias [8], but it has not 
been used to control the plant growth of ‘Roman’ and 
‘Freedom Red’ poinsettias. In this study, flurprimi-
dol was chosen for poinsettia height control due to 
its prolonged effect following a single application at 
very low doses. Flurprimidol, like other pyrimidine or 
triazole derivatives, reduces shoot length primarily by 
limiting cell division and extension in the subapical 
meristematic zone of the stem [9]. Flurprimidol inhib-
its the endogenous formation of gibberellins by block-
ing cytochrome P-450-type oxygenases that catalyze 
the reactions between ent-kaurene and ent-kaurenoic 
acid [10], thereby inhibiting the elongation of plant 
cells. The growth retarding activity of flurprimidol is 
relatively high in a broad spectrum of ornamental plant 
species [11–15]. 
Poinsettia has a high demand for water and 
transpires a lot of water. The quantity of water tran-
spired by plants might depend on the size and number 
of their leaves. Poinsettias with small leaves transpire 
less intensively relative to cultivars with large leaves. 
There are reports which indicate that growth retardants 
might also reduce transpiration in some plants [16,17], 
but there is no information concerning the impact of 
flurprimidol on transpiration in poinsettia and other 
ornamental pot plants. Due to the lack of such infor-
mation, an attempt was made to examine the influence 
of flurprimidol on poinsettia transpiration. The aim of 
this study was to evaluate the influence of single foliar 
flurprimidol application on morphology and transpira-
tion of ‘Roman’ and ‘Freedom Red’ poinsettias. 
MATERIALS AND METHODS
The study was conducted in a glass greenhouse 
during 2009 and 2010. Well-rooted cuttings of ‘Ro-
man’ and ‘Freedom Red’ poinsettias, obtained from
a commercial source, were potted individually into
12 cm pots and placed on greenhouse benches. The 
pots were filled with commercial substrate TS2 amend-
ed with Osmocote Exact (4 g /dm-3 of substrate). Six 
days after planting, the poinsettia upper nodes were re-
moved leaving 4 leaves on the remaining plant. Prior 
to flurprimidol treatment, poinsettias were selected for 
uniformity. The growth retardant was used when lateral 
shoots following pinching were about 5 cm in length. 
Early in the morning, flurprimidol (Topflor 015 SL) was 
applied as a single foliar spray at concentrations of 5,
10 and 15 mg × dm-3. At the same time, the control 
plants were sprayed with tap water. No surfactant was 
added to the growth retardant spray solutions. Hand 
sprayers were used for flurprimidol spray treatments. 
The plants were sprayed until the whole plant surface 
was thoroughly covered with the growth retardant spray 
solution, but the solution was not allowed to drip from 
the leaves into the substrate. The plants were grown 
under natural photoperiod and the temperature in the 
greenhouse was maintained between 20–24oC during 
the day. During the experiment, the photoperiod ranged 
from 17 hours at the beginning to 8 hours at the end and 
the light intensity measured at the plant canopy level 
ranged from 37 to 780 mol m-2s-1. The experiment was 
carried out from July to December. Standard cultiva-
tion practices, including fertilizing, were applied. 
At the stage of visible anthesis (first pollen 
shed) of two branches, the following morphological 
parameters were recorded: shoot length, plant width 
(determined by averaging two perpendicular measure-
ments of the plant), bract diameter of each flowering 
stem (the bract diameter was calculated as the aver-
age from the widest diameter and diameter 90° across), 
petiole length and leaf area (determined by using a sta-
tionary Delta-T planimeter (Device LTD., Cambridge, 
UK). The physiological parameters, such as stomatal 
conductance (gs) and transpiration (T), were monitored 
at midday on attached, fully expanded leaves, using 
the LI-1600 Steady Porometer from Li-COR. At the 
end of the experiment, the whole plants were cut off 
just above the substrate surface in order to determine 
their fresh weight. After that, the plants were dried at 
70oC until they reached a constant mass to determine 
dry weights.
The experiment was arranged as a randomized 
complete block design with three replications per 
treatment. The experimental data were subjected to an 
analysis of variance. The Duncan’s Multiple Range 
Test at a 5% level of significance was used for mean 
separation. The values of p= 0.05 were considered to 
be statistically significant. All statistical analyses were 
performed with Statistica package, version 10 [18].
RESULTS
The effects of flurprimidol on morphological 
and physiological traits of ‘Roman’ and ‘Freedom 
Red’ poinsettias were similar in two growing seasons 
(2009–2010). 
Effect of flurprimidol on
morphological characteristics
Single foliar flurprimidol treatment was suffi-
cient to inhibit stem elongation of both poinsettia cul-
tivars (Fig. 1). All growth retardant treated plants were 
substantially shorter than the untreated ones and those 
differences were statistically significant. The degree of 
growth inhibition depended on flurprimidol concentra-
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tion. Both in ‘Roman’ and ‘Freedom Red’ plants, shoot 
length was reversely proportional to growth retardant 
doses. Relative to the untreated plants, flurprimidol at 
a concentration of 5 mg × dm-3, applied to ‘Roman’ and 
‘Freedom Red’ poinsettias resulted, in 29% and 22% 
shorter shoots, respectively. The higher growth retard-
ant concentrations resulted in further inhibition of stem 
elongation of both cultivars. The shoots of ‘Roman’ 
and ‘Freedom Red’ plants treated with flurprimidol at 
15 mg × dm-3 (the highest concentration) were 44% 
and 37% shorter, respectively, as compared to the con-
trol. The desirable shoot length (16–18 cm) for ‘Ro-
man’ was obtained with the lowest growth retardant 
concentration (5 mg × dm-3), but a higher flurprimidol 
concentration (10 mg × dm-3) was required for ‘Free-
dom Red’. There were no significant differences in 
shoot length between the tested cultivars, but shoots of 
growth retardant treated ‘Roman’ were slightly shorter 
than shoots of ‘Freedom Red’. Shoots of flurprimidol 
sprayed poinsettia were not only shorter and more rig-
id but also aligned relative to each other and thus the 
bracts on the plant were placed on the same level. 
The bract diameters of both poinsettia cultivars 
were only slightly affected by flurprimidol application 
(Fig. 2). The bract diameters of ‘Roman’ and ‘Free-
dom Red’ plants sprayed with the highest retardant 
concentration (15 mg × dm-3) were only 9% smaller 
than those of the control plants. 
Fig. 1. Shoot lengths of ‘Roman’ and ‘Freedom Red’ poinsettias as affected by flurprimidol applied as single foliar spray. Data 
averaged over two growing seasons. The means indicated by the same letter do not differ significantly at p = 0.05, according 
to Duncan’s Multiple Range Test.
Fig. 2. Effect of flurprimidol applied as single foliar spray on bract diameter of ‘Roman’ and ‘Freedom Red’ poinsettias. Data 
averaged over two growing seasons. The means indicated by the same letter do not differ significantly at p = 0.05, according 
to Duncan’s Multiple Range Test.
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The growth parameters other than shoot length 
and bract diameter were also affected by chemical 
treatment. The widths of flurprimidol treated ‘Roman’ 
and ‘Freedom Red’ plants were smaller compared to 
the untreated ones (Fig. 3). The growth retardant at 
5 mg × dm-3 reduced the diameters of ‘Roman’ and 
‘Freedom Red’ by 6% and 5%, respectively. Poinset-
tias sprayed with flurprimidol at 15 mg × dm-3 were up 
to 13% narrower relative to the control. 
The growth retardant also had an apparent effect 
on poinsettia leaf area. There were significant differ-
ences in leaf area between control plants and poinset-
tias treated with the growth retardant at concentrations 
of 5–15 mg × dm-3 (Fig.4A). The leaves of ‘Roman’ 
and ‘Freedom Red’ poinsettias treated with flurprimi-
dol at 5 mg × dm-3 were 29% and 21% smaller, respec-
tively, than those of the untreated plants. In ‘Roman’ 
the higher retardant doses did not result in a further 
significant reduction in leaf area, but in ‘Freedom Red’ 
the leaf area was retarded with increasing flurprimidol 
concentrations up to 15 mg × dm-3. The leaf areas of 
‘Roman’ and ‘Freedom Red’ plants treated with the 
retardant at 15 mg × dm-3 were 34% and 33% smaller, 
respectively, relative to the control plants. Plants ex-
posed to flurprimidol had also intensified green leaf 
pigmentation. There was almost no abscission of the 
oldest leaves in the low portions of growth retardant 
treated plants compared to the untreated ones. No phy-
totoxicity or malformations were observed in flurprim-
idol treated poinsettias.
Fig. 3. Effect of flurprimidol applied as single foliar spray on plant width of ‘Roman’ and ‘Freedom Red’ poinsettias. Data averaged 
over two growing seasons. The means indicated by the same letter do not differ significantly at p = 0.05, according to 
Duncan’s Multiple Range Test.
Petiole length was also affected by the tested 
chemical (Fig. 4B). Petioles of both cultivars were 
retarded with increasing growth retardant concentra-
tions up to 10 mg × dm-3, but the higher concentration
(15 mg × dm-3) caused no additional statistically signifi-
cant retarding effect, compared to flurprimidol at 10 mg 
× dm-3. Relative to the controls, the retardant applied 
at 5 mg × dm-3 to ‘Roman’ and ‘Freedom Red’ plants 
resulted in 35% and 20% shorter petioles, respectively. 
Flurprimidol at 10 mg dm-3 reduced the petiole length 
of ‘Roman’ and ‘Freedom Red’ poinsettias by 43% and 
33%, respectively. There were substantial differences 
in petiole lengths between poinsettia cultivars. Petioles 
of flurprimidol treated ‘Roman’ plants were shorter 
than those of similar plants of cv. ‘Freedom Red’.
Both fresh (Fig. 5A) and dry (Fig. 5B) weights 
of ‘Roman’ and ‘Freedom Red’ poinsettias, sprayed 
with flurprimidol at 5–15 mg × dm-3, were significantly 
lower than those of the untreated ones. In both culti-
vars, the fresh (Fig. 5A) and dry (Fig. 5B) weights were 
reduced with increasing growth retardant concentra-
tions up to 10 mg × dm-3, but the higher concentration 
(15 mg × dm-3) caused no additional statistically sig-
nificant reducing effect, compared to flurprimidol at 
10 mg dm-3. Relative to the control, the fresh weights 
of ‘Roman’ and ‘Freedom Red’ poinsettias sprayed 
with flurprimidol at 5 mg dm-3 were reduced by 28% 
and 23%, respectively. The growth retardant at 10 mg 
× dm-3 decreased the fresh weights up to 37% in both 
poinsettia cultivars. Compared to the untreated plants, 
flurprimidol at the lowest concentration reduced the 
dry weights of ‘Roman’ and ‘Freedom Red’ up to 31% 
and 27%, respectively. The growth retardant at 10 mg 
dm-3 reduced the dry weights of ‘Roman’ and ‘Freedom 
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Red’ poinsettias by 42% and 38%, respectively. There 
were also differences in fresh and dry matters between 
the tested cultivars. The fresh and dry weights of ‘Ro-
man’ plants treated with flurprimidol at 5–15 mg × dm-3 
were lowetr than those of similar plants of cv. ‘Free-
dom Red’.
  Roman    Freedom Red 
    A       B 
Fig. 4. Effect of flurprimidol applied as single foliar spray on leaf area (4A) and petiole length (4B) of ‘Roman’ and ‘Freedom Red’ 
poinsettias. Data averaged over two growing seasons. The means indicated by the same letter do not differ significantly at
p = 0.05, according to Duncan’s Multiple Range Test.
  Roman    Freedom Red  
    A             B 
Fig. 5. Fresh (A) and dry (B) weights of ‘Roman’ and ‘Freedom Red’ poinsettias as affected by flurprimidol applied as single foliar 
spray. Data averaged over two growing seasons. The means indicated by the same letter do not differ significantly at p = 0.05, 
according to Duncan’s Multiple Range Test.
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Effect of flurprimidol on
physiological characteristics
Relative to the control, the growth retardant at all 
concentrations (5–15 mg × dm-3) did not influence leaf 
stomatal conductance of ‘Roman’ and ‘Freedom Red’ 
poinsettias (Table 1). Single growth retardant applications 
at 5–15 mg × dm-3 also had no effect on transpiration rate 
per unit leaf area of both poinsettia cultivars (Table 1).
Table 1
Effect of flurprimidol on stomatal conductance (gs) and transpiration rate (T) per unit leaf area of ‘Roman’
and ‘Freedom Red’ poinsettias. Data averaged over two growing seasons
Flurprimidol concentrations
(mg × dm-3)
gs (mmol × m-2 s-1) T (mmol × m-2 s-1)
‘Roman’ ‘Freedom Red’ ‘Roman’ ‘Freedom Red’
Control
5
10
15
64.63 ab
66.09 ab
77.60 bc
73.80 bc
62.8 ab
82.1 c
61.6 a 
65.4 ab
1.05 ab
1.07 ab
1.27 ab
1.18 ab
1.026 a
1.361 b
0.905 a
1.056 ab
The means followed by the same letter do not differ significantly at p = 0.05, according to Duncan’s Multiple Range Test.
DISCUSSION
Some researchers suggest that, compared with 
foliar sprays, growth retardants applied as substrate 
drenches provide more uniform growth control over a 
longer duration. For this reason, in most cases, growth 
retardants in poinsettia cultivation have been applied as 
substrate drenches [3–5,7,19,20]. The results presented 
in this paper demonstrate that flurprimidol, when ap-
plied as foliar spray, proved to be very effective in re-
stricting shoot length of ‘Roman’ and ‘Freedom Red’ 
poinsettias over a long period and the final heights of 
those plants were very uniform. This is consistent with 
the results obtained for many other ornamental plant 
species grown in pots [13,15,21–27]. In all those ex-
periments, different growth retardants applied as foliar 
sprays, at appropriate doses and at the optimum plant 
growth stages, provided plants with very uniform final 
heights.
The study reported here shows that growth re-
tardant doses should be differentiated depending on 
poinsettia cultivar. ‘Roman’ plants required a lower 
flurprimidol concentration than ‘Freedom Red’ in or-
der to achieve the desirable shoot length. This concurs 
with the results obtained by C u r r e y  and L o p e z 
[5] who observed differences between poinsettia cul-
tivars regarding the need for height control. These au-
thors showed that ‘Classic Red’ required a much higher 
dose of flurprimidol, applied as substrate drench, when 
compared with ‘Freedom Salmon’. Other authors have 
also reported that chemical doses should be varied with 
poinsettia cultivar. S a n d e r s o n  et al. [20] demon-
strated that flurprimidol, applied as substrate drench at 
0.25 mg/pot, substantially restricted the final heights 
of ‘V-14 Glory’ and ‘Topstar’ poinsettias but had no 
effect on the height of ‘C-1 Red’.
In this experiment, conducted in Poland, the 
flurprimidol concentrations used for proper shoot 
length control of ‘Roman’ and ‘Freedom Red’ plants 
were very low (5, 10 mg × dm-3) in contrast to other 
poinsettia cultivars. For example, M c D a n i e l  [8] 
showed in a study carried out in the USA that ‘Eck-
espoint C-1 Red’, ‘Annette Hegg Dark Red’ and ‘Gut-
bier V-14 Glory’ poinsettias required a few times high-
er flurprimidol concentration (25 mg × dm-3) in order 
to achieve the desirable plant height [8]. The difference 
in growth retardant doses used could result from two 
reasons. Firstly, ‘Roman’ and ‘Freedom Red’ poinset-
tias might be very sensitive to flurprimidol spray treat-
ment. Secondly, this may be due to a different location, 
Poland and Tennessee in the USA.
In the study presented here the shoots of 
flurprimidol treated poinsettia were not only short 
but also aligned relative to each other. As a result, all 
bracts on the plant were placed on this same level, 
which greatly increased plant quality.
The results reported here indicate that flurprimi-
dol only slightly affected (up to 9%) the bract diameter 
of ‘Roman’ and ‘Freedom Red’ poinsettias. In con-
trast, a large reduction in bract area (up to 49%) was 
observed in poinsettia treated with flurprimidol as a 
substrate drench [5]. The authors also reported that the 
size of bracts in growth retardant treated poinsettia was 
cultivar dependent. Flurprimidol applied as a substrate 
drench reduced the bract area index in ‘Polly’s Pink’, 
Freedom Salmon’, ‘Orion’ or ‘Classic Red’ poinset-
tias up to 23%, 25%, 28% or 49%, respectively. Other 
growth retardants have also been reported to dimin-
ish poinsettia bract area. For example, N i u  et al. [3] 
have shown that the bract area diminished by 20% in 
paclobutrazol treated ‘Freedom’ poinsettia. The bract 
area of ‘Christmas Feelings’ poinsettia decreased by 
about 40% and 27% following chlormequat chloride 
and daminozide application, respectively [7]. In the 
present study, although the bract diameter was smaller 
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when ‘Roman’ and ‘Freedom Red’ poinsettias were 
treated with flurprimidol spray, the smaller bract diam-
eter and suppressed plant height were proportional to 
each other. Therefore, the smaller bract diameter does 
not negatively impact the aesthetic quality of finished 
plants treated with flurprimidol spray.
The study reported here demonstrates that 
flurprimidol treatment produced shorter petioles re-
sulting in a smaller plant diameter. This is consistent 
with the results obtained by L e w i s  et al. [2] who 
reported that daminozide and chlormequat chloride re-
duced petiole lengths in ‘Dark Red’, ‘Success Red’, 
‘Freedom Red’ and ‘Winter Rose’ poinsettias. In the 
present experiment, thanks to shorter petioles and 
internodes, ‘Roman’ and ‘Freedom Red’ poinsettias 
were also more densely foliated.
As long as they inhibit poinsettia stem elonga-
tion, all growth retardants also affect the leaf area which 
can be reduced to a different extent. In this study, the 
leaf areas of ‘Roman’ and ‘Freedom Red’ poinsettias 
were reduced up to 34% depending on flurprimidol 
concentration. The leaf area of ‘Christmas Feelings’ 
poinsettia was reduced up to 10% by daminozide and 
chlormequat chloride [7]. A higher reduction in leaf 
area, up to 19%, was found in ‘Annette Hegg’ poinset-
tia treated with ancymidol or chlormequat [19]. In the 
study presented here, although the leaf area decreased 
in flurprimidol treated ‘Roman’ and ‘Freedom Red’ 
poinsettias, the smaller leaf area and reduced plant 
height were proportional to each other. 
Very often plants, treated with growth retard-
ants also have darker green leaves. In this experiment, 
no data concerning the chlorophyll level were collect-
ed, but it was apparent that flurprimidol significantly 
intensified the dark green pigmentation in poinsettia 
leaves, which might be associated with higher chloro-
phyll content. There is no information about the impact 
of flurprimidol on the chlorophyll level in poinsettia 
leaves, but L o d e t a  et al. [7] reported that daminoz-
ide and chlormequat chloride enhanced the chlorophyll 
a and chlorophyll b contents in leaves of ‘Christmas 
Feelings’ poinsettia.
In the study reported here, in the low portions 
of flurprimidol sprayed ‘Roman’ and ‘Freedom Red’ 
poinsettias, the leaves were green and did not fall by 
the end of the production cycle, in contrast to the un-
treated plants where leaves turned yellow and very 
often fell off. Abscission of the oldest leaves, in the 
low portions of the control plants, resulted in an empty 
space between the pot rim and the first leaves on the 
plant, which greatly reduced the plant quality. There 
was no empty space between the pot rim and the first 
leaves in flurprimidol treated ‘Roman’ and ‘Freedom 
Red’ poinsettias. The absence of leaf abscission in 
growth retardant treated plants might be associated 
with higher contents of cytokinins [28] and polyam-
ines [29]. Cytokinins and polyamines, such as sper-
mine and spermidine, delay the aging of plants and 
this might be the reason why leaves in growth retardant 
treated plants do not fall and remain green for a longer 
duration compared to untreated plants. In this experi-
ment, the absence of empty space between the pot rim 
and the first leaves on the plant in growth retardant 
treated ‘Roman’ and ‘Freedom Red’ poinsettias might 
also be due to the shortened lengths of the first inter-
nodes. Thanks to the very short first internodes, the 
leaves developed just above the pot rim.
The results presented in this paper demonstrate 
that flurprimidol did not affect transpiration rate per 
unit leaf area and stomatal conductance in ‘Roman’ and 
‘Freedom Red’ poinsettias, which is consistent with 
some previous findings. Flurprimidol did not influence 
transpiration rates in Juglans nigra, Quercus palus-
tris, Acer rubrum [30] and Forsythia spectabilis [31]. 
There are also reports which show that growth retard-
ants reduced transpiration. For example, paclobutrazol 
decreased the transpiration rate in Catharanthus roseus 
(L.) G. Don. [32] and uniconazole reduced transpira-
tion on a per leaf area basis in Hibiscus rosa-sinensis 
‘Ross Estey’ [33] and in Dendranthema grandiflora 
Tzvelev ‘Dalvina’ [16]. Ancymidol was reported to re-
duce whole-plant transpiration of Euphorbia pulcher-
rima Wild ‘Annette Hegg’ [19]. In the present study, 
the absence of effect of growth retardant on transpira-
tion rate per unit leaf area of ‘Roman’ and ‘Freedom 
Red’ poinsettias might be associated with the content 
of abscisic acid in plants. Abscisic acid is the hormone 
that triggers the closing of stomata when soil water is 
insufficient to keep up with transpiration. Flurprimidol 
decreased the levels of abscisic acid in Pseudotsuga 
menziesii [34] and Foeniculum sp. [35], whereas other 
growth retardants, which resulted in stomata closure, 
increased the levels of abscisic acid in olive trees [36] 
and apple seedlings [37]. Perhaps in ‘Roman’ and 
‘Freedom Red’ poinsettias the growth retardant did 
not affect the content of endogenous abscisic acid, 
which is responsible for the closing of stomata, and 
thus flurprimidol could not influence the transpiration. 
In the present study, the measurements of sto-
matal conductance and transpiration were performed 
at the beginning of anthesis, so there was a long time 
from flurprimidol application to the measurements of 
transpiration. Some studies indicate that the impact 
of growth retardants on transpiration may depend on 
the time at which transpiration measurements are per-
formed. For example, N o r c i n i  [17] reported that 
transpiration rate and stomatal conductance of pruned 
Euonymus fortunei were reduced three days follow-
ing flurprimidol application, but eighteen days after 
treatment stomatal conductance and transpiration rate 
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were unchanged in growth retardant treated plants, 
relative to untreated ones. M i s h r a  and P r a d h a n 
[38] also demonstrated that in tomato plants transpira-
tion was reduced up to 34% if its measurements were 
performed 24 hours after daminozide application, but 
after five days the reduction of transpiration was only 
up to 19%.
The present study shows that flurprimidol did 
not affect transpiration rate per unit leaf area in ‘Ro-
man’ and ’Freedom Red’ poinsettias, but it could re-
duce whole-plant transpiration due to reduced leaf 
area.
CONCLUSIONS 
Single foliar flurprimidol application effective-
ly inhibits stem elongation of ‘Roman’ and ‘Freedom 
Red’ poinsettias, but growth retardant doses should be 
varied depending on poinsettia cultivar. Retardant at 5 
mg × dm-3 is recommended for ‘Roman’, but 10 mg × 
dm-3 is required for ‘Freedom Red’ in order to obtain 
short and well compact plants. Flurprimidol reduced 
the leaf area and only slightly decreased the bract di-
ameter. Stomatal conductance and transpiration rate 
per unit leaf area were not affected by growth retard-
ant treatment. Smaller and narrower in width plants 
treated with growth retardant might have an economic 
advantage to commercial growers due to increased 
plant density on greenhouse benches. Thanks to im-
proved plant compactness, intensified green leaf pig-
mentation, bracts placed on this same level and no leaf 
abscission in the low portions of plants, flurprimidol 
treated poinsettias are more decorative and of much 
higher quality. 
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Wpäyw retardantu wzrostu na wzrost i rozwój 
Euphorbia pulcherrima Willd. ex Klotzsch
S t r e s z c z e n i e
Badanie to zostaäo przeprowadzone w celu oce-
ny wpäywu fluroprimidolu stosowanego dolistnie, jed-
nokrotnie, na morfologiö i transpiracjö poinsecji (Eu-
phorbia pulcherrima Willd. ex Klotzsch) ‘Roman’ and 
‘Freedom Red’. Retardant wzrostu fluroprimidol (Top-
flor 015 SL) stosowano w stöĔeniach 5, 10 or 15 mg 
dm-3, gdy pödy boczne po uszczykiwaniu miaäy ok. 5 
cm däugoĈci. Jednokrotne, dolistne podanie fluroprimi-
dolu byäo wystarczajñce do zahamowania wydäuĔania 
siö pödów poinsecji. Stopieþ zahamowania wzrostu 
zaleĔaä od odmiany i stöĔenia retardantu wzrostu. W 
porównaniu z kontrolñ, pödy roĈlin ‘Roman’ and ‘Free-
dom Red’ traktowanych fluroprimidolem byäy odpow-
iednio do 44% i 37% krótsze. ēñdanñ wysokoĈè poin-
secji ‘Roman’ and ‘Freedom Red’ uzyskano stosujñc 
retardant wzrostu w stöĔeniach, odpowiednio, 5 i 10 
mg dm-3. Pödy poinsecji opryskiwanej fluroprimidolem 
byäy równieĔ bardziej sztywne i wyrównane wzglödem 
siebie, tak wiöc liĈcie przykwiatowe na roĈlinie byäy 
umieszczone na tym samym poziomie. ćrednice 
poinsecji traktowanych retardantem wzrostu byäy do 
13% wöĔsze. Powierzchnie liĈci, däugoĈci ogonków 
liĈciowych, ĈwieĔe i suche masy poinsecji ‘Roman’ 
and ‘Freedom Red’ traktowanych fluroprimidolem 
byäy znacznie mniejsze w porównaniu z kontrolñ. Re-
tardant wzrostu tylko w niewielkim stopniu wpäynñä 
na Ĉrednicö liĈci przykwiatowych obu odmian poin-
secji. RoĈliny poddane dziaäaniu fluroprimidolu miaäy 
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równieĔ intensywniejsze zielone zabarwienie liĈci. W 
porównaniu do kontroli, najstarsze liĈcie w dolnych 
partiach roĈlin traktowanych retardantem nie opadaäy. 
Fluroprimidol nie miaä wpäywu na przewodnoĈè 
szparkowñ liĈci i transpiracjö obu odmian poinsecji 
w przeliczeniu na jednostkö powierzchni liĈcia. Na 
roĈlinach traktowanych fluroprimidolem nie stwierd-
zono objawów fitotoksycznoĈci liĈci. 
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